The presence of antiglobulin factors in normal mouse serum was studied. Mice were injected with human 0 Rh(+) erythrocytes and the resulting gamma globulins were digested with papain. The In 1965, Mandy et al. (6) described a new antiglobulin serum factor in normal rabbits, which they termed homoreactant (HR). The presence of this antiglobulin factor in rabbits and humans has been well established (3) (4) (5) . HR was described as a heat-stable, mercaptoethanol-resistant, and nondialyzable serum factor in normal rabbits that could cause agglutination of human erythrocytes sensitized with the 3.5S (Fab) univalent fragments of rabbit anti-human erythrocyte antibody (6) . Subsequent studies have shown that HR is a gamma globulin G as determined by diethylaminoethyl-cellulose chromatography and zone electrophoresis (4) .
HR differs from anti-antibody, rheumatoid factor, and anti-allotype antibody. Anti-antibody is a factor in human sera that agglutinates 0 Rh( +) cells "sensitized" with incomplete antiRh antibodies but is not inhibited by normal or immune human serum (6, 8) . Anti-antibody differs from HR since it can be absorbed by "sensitized" erythrocytes (6) . On the other hand, rheumatoid factor differs from HR since rheumatoid factor can be inhibited by normal human serum (F. Milgrom and F. Whiteboky, Fed. Proc. 19:197, 1960 ). Isoantibodies are directed against gamma globulins of genetic types not of the recipient (6) . They have been produced in rabbits (2) and in mice (1). HR differs from anti-allotypic antibody since it has been found in all normal rabbits tested (3).
The present study was designed to demonstrate the presence of antiglobulin factors in normal mouse serum that have been termed HR in rabbits. In this study, the nomenclature of 'Present address: Department of Biochemistry, Armour Pharmaceutical Co., Kankakee, Ill. 60901.
Potter and Liebermann (11) will be used whenever possible. In cases where gamma globulin H and gamma globulin G are combined, the term 7S7y2 will be used.
MATERIALS AND METHODS
Mice used. The mice used were Swiss hybrids, which are maintained in our laboratory. C57Bl/6J and CBA/J mice were obtained from Jackson Laboratories.
Erythrocytes. Whole blood was obtained from 0 Rh( +) donors, mixed with an equal volume of Alsever solution, and stored at 4 C. Cells were discarded after 14 days. Production of anti-HEA. Antisera to human erythrocytes (anti-HEA) were prepared by injecting three~trains of mice intravenously or intraperitoneally with 0.1 ml (1.8 x 101 cells) of a saline suspension of washed human 0 Rh(+) erythrocytes. Booster injections of 1.8 x 108 cells were given at weekly intervals. The mice were bled by decapitation at v'arious intervals. The sera of each group of 10 mice were pooled and heated at 56 C for 20 min. The gamma globulin G fractions of the anti-HEA antisera were obtained by ammonium sulfate fractionation at 40% saturation (7) . Each gamma globulin G preparation was tested for homogeneity by cellulose acetate electrophoresis (CAM) or ultracentrifugation.
Rabbit anti-mouse immunoglobulin. Antiserum to mouse gamma globulin G's (anti-M-yG) was prepared by injecting rabbits intraperitoneally with an alum precipitate containing 30 mg of mouse gamma globulin G once weekly for 4 weeks. The rabbits were then bled weekly by cardiac puncture, and the titer was boostered by subcutaneous 10-mg injections of the antigen in saline. Antisera to individually purified mouse immunoglobulin classes were prepared by injection of 10 mg of the proteins immersed in complete Freund adjuvant.
Preparation of 3.5S univalent (Fab) anti-HEA. and separated by starch-block electrophoresis (9), using a potential gradient of 3.5 V/cm for 23 h. Protein determination. Protein concentrations were estimated from the optical density of the solution in saline at 280 nm, using an extinction coefficient of 15 for a 1% solution.
Serological methods. Human 0 Rh(+) erythrocytes (2%) were sensitized by incubation with equal volumes of twofold dilutions of the Fab anti-HEA at 37 C for 2 h. Phosphate-buffered saline (PBS), pH 7.2, was used as the diluent. The sensitized cells were then washed four times with PBS and reconstituted in PBS to 2%.
Agglutinations were performed by making 0.05-ml serial twofold dilutions of normal mouse serum in V-shaped Microtiter plates (Cooke Engineering Co.). Sensitized or unsensitized cells (0.025 ml) were subsequently added to the plates. The plates were sealed, shaken for 10 min, and allowed to stand at room temperature for 2.5 h. The results were scored from 0 to 4+.
Tests for cell sensitization were performed by adding 0.025 ml of rabbit anti-M-yG to 0.05 ml of the sensitized cells. After 2.5 h at room temperature, sensitized cells were agglutinated, but nonsensitized cells were not agglutinated.
To test for mercaptoethanol sensitivity, equal volumes (0.025 ml) of serial twofold dilutions of gamma globulin M or 7S'y2 globulins and varying concentrations of mercaptoethanol (Matheson, Coleman, and Bell) were incubated at 30 C for 45 min. Sensitized cells were added and agglutination tests were performed as described.
Mouse immunoglobulins were purified by ethanol fractionation (submitted for publication). The purity of the proteins was determined by using immunoelectrophoresis with antisera raised in rabbits or by commercial antisera (Meloy Laboratories). In all cases, single bands by immunoelectrophoresis were used as the criteria for purity (Fig. 1) protein samples to the same degree as determined by ultracentrifugation. The undegraded protein was separated on Sephadex G-100, eluting with the void volume.
The Fab-Fc fragments were effectively separated by starch-block electrophoresis. Only the cathodal half of the Fab segments was used in the test. The effectiveness of the separation was demonstrated when the Fc segments crystallized on dialysis against 0.1 M sodium acetate whereas the Fab segments failed to crystallize.
In each instance, the Fab fragments failed to produce direct agglutination of human 0 Rh(+) erythrocytes. The Fab preparations, however, combined with antigenic receptors on the erythrocytes, as demonstrated by an antiglobulin reaction using rabbit antiserum to native mouse gamma globulin G (Table 1) ethanol fractionation are shown in Table 2 . The activity was found in the 7S-y2 fraction (gamma globulin H + gamma globulin G) and to a lesser degree in the gamma globulin M fraction. The activity of the gamma globulin M fraction was confirmed by using varying concentrations of mercaptoethanol on the gamma globulin M before addition of cells. A concentration of 0.10 M mercaptoethanol effectively stopped agglutination of the gamma globulin M globulin but had no effect on 7Sy2.
The effect of cross-agglutination titers between different strains of mouse Fab anti-HEA can be seen in Table 3 . In all cases, the titers were positive to varying degrees and lower than the titer of the same strain tested against its own strain. Generally, the titer dropped from 2 to 4 well dilutions.
DISCUSSION
The experiments reported in this paper demonstrated the presence in the serum of all normal mice tested of an antiglobulin factor that specifically reacts with the Fab fragments of papain-digested mouse gamma globulin G. This factor was detected by the agglutination of erythrocytes sensitized with the univalent fragments of mouse anti-HEA antibody with normal mouse serum.
Inhibition of this factor by the Fab fragments of normal mouse gamma globulin G, but not by the intact gamma globulin G, molecule indicated that this factor was directed toward an exposed antigenic site on the Fab fragment (6) .
The results of tests with ethanol fractions of mouse serum indicated that there are two types of factors present in mice, a 7S-y2 globulin and a gamma globulin M form. We could not tell whether the activity of the factor resided in the gamma globulin G or H subfraction of 7Sy2 globulin. Since the results of this series of VOL. 11, 1975 ANTIGLOBULIN FACTORS I} experiments agreed with the results obtained from rabbits (6) , it can be assumed that the gamma globulin M form of the factor was also directed to determinants that are otherwise buried on the intact gamma globulin G molecule and exposed by digestion with papain.
The relationship between anti-antibody and the antiglobulin factor is not certain. However, anti-antibody is associated with sites revealed by the union of antigen-antibody, whereas this site is not. The 7S form of this factor would also differ from rheumatoid-like factors formed in experimental animals, since rheumatoid factors are mercaptoethanol sensitive (6) .
It is tempting to speculate on the variation in titer obtained between strains. However, further investigation of this phenomenon is required. LITERATURE 
